Introduction
Therapeutic proteins used for a variety of clinical indications are manufactured by recombinant DNA methods, many of them using Chinese hamster ovary cells as the mammalian host. [1] [2] [3] Proteins manufactured by recombinant techniques are regarded as safe, and eventually may replace plasma-derived or urine-derived therapeutic proteins as the
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lammerich et al standard of care. 1, 4, 5 Assisted reproductive technology (ART) is one such therapeutic application for recombinant proteins, and specifically for recombinant human follicle-stimulating hormone (rhFSH). 1, 3, 5 Clinical pregnancy rates and safety -in terms of avoiding ovarian hyperstimulation syndrome -with rhFSH are similar to those achieved with purified urinary gonadotropins; 6 however, the recombinant protein offers some important advantages. First, the manufacturing techniques for rhFSH facilitate production of a consistent product, 5 thereby improving the quality and availability of this product for clinical use. 7 Although the risk for prion infection with urine-derived gonadotropic proteins is believed to be minimal, 8 production and purification techniques for recombinant gonadotropins are sufficient to eliminate this risk. 9 Concerns regarding immunological safety due to impurities are also minimized, 3, 5, 10 and the tolerability of recombinant gonadotropins is better than that of products purified from urine. 8 One drawback of recombinant proteins is the relatively high manufacturing cost, which is reflected in the acquisition price; however, some studies suggest that recombinant protein therapeutics are cost-effective. 5, 11 Any new rhFSH preparation brought to market will be expected to adhere to the highest manufacturing standards and exhibit an optimal pharmacokinetic (PK), pharmacodynamic, and safety profile. XM17 (Ovaleap ® ; follitropin alfa, Teva Pharmaceuticals Europe B.V., Utrecht, the Netherlands) is an rhFSH used in women for controlled ovarian hyperstimulation undergoing ART procedures and for treatment of anovulation. XM17 has been approved by the European Medicines Agency as a biosimilar medicinal product to the already registered biological reference medicine (Gonal-f ® , follitropin alfa, Merck Serono, Feltham, UK), providing another rhFSH option for ART patients and their caregivers. Manufactured using Chinese hamster ovary cells transfected with the human follicle-stimulating hormone gene, XM17 has an identical amino acid sequence and a similar glycosylation pattern to the human protein and to the reference product, as would be expected for a biosimilar approved by the European Medicines Agency. 12 European Medicines Agency guidelines require that a manufacturer of a biosimilar product confirm comparable clinical performance -in terms of quality characteristics, biological activity, safety, and efficacy -to that of the reference product. Registered rhFSH products are generally well tolerated, with headache, ovarian cysts, abdominal pain, and local injection site reactions being the most frequent adverse events after subcutaneous administration. [13] [14] [15] We conducted this first-in-human study to evaluate the safety, tolerability, PK, and dose-proportionality of single ascending doses of XM17.
Materials and methods study conduct
This was a single-center, Phase 1, open-label, parallel-group, single ascending dose study conducted at a Phase I clinical research unit in Germany from January to July 2008. The study was conducted according to the ethical principles specified in the Declaration of Helsinki (1996) and applicable Good Clinical Practice guidelines, and was approved by the responsible independent ethics committee in Germany.
study objectives and parameters measured
This study was conducted in healthy female subjects after downregulation and achievement of ovarian quiescence by a gonadotropin-releasing hormone agonist. The primary objectives were to assess the safety, tolerability, and PK of a single, subcutaneous, low dose of 37.5 IU XM17 (pilot arm in the first four subjects) followed by an assessment of safety, tolerability, PK, and dose-proportionality of single subcutaneous ascending doses of 75, 150, or 300 IU XM17 in 36 additional subjects (n=12 at each dose). The study schema and schedule of events is shown in Figure 1 .
The primary PK endpoints were the C max (pre-dose corrected for baseline endogenous FSH measured on day 14) of XM17 in serum and the area under the concentration-time curve (AUC) from time 0 to 168 hours (AUC 0-168h ). Secondary endpoints included AUC from time 0 on dosing day 14 to last concentration measured (AUC 0-t ), AUC extrapolated to infinity (AUC 0-∞ ), apparent terminal rate constant (λ Z ), apparent volume of distribution during the terminal phase (V z /F, where F is fraction absorbed), time at which C max occurred (t max ), apparent terminal elimination half-life (t 1/2 ), and the apparent clearance (CL/F) of XM17.
Safety was monitored in all subjects who received the study drug (safety population). Safety endpoints included: changes in subjects' laboratory parameters (hematology, clinical chemistry, coagulation parameters, and urinalysis); changes in vital signs and electrocardiogram (ECG); incidence of adverse events and treatment-emergent adverse events (TEAEs); local tolerability at the injection site; presence of XM17 antibodies; and changes in the subjects' physical or gynecological examinations.
study protocol
Consenting subjects were screened for eligibility during a 14-day period. Key eligibility criteria were: young, healthy, nonpregnant women aged 18- 
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safety, tolerability, and PK of single ascending XM17 doses contraceptives (COCs) for $3 months for contraceptive purposes; normal uterus and two normally functioning ovaries; agreement to use double-barrier contraceptive methods during the study; healthy according to medical history, physical examination, ECG, blood pressure, heart rate, blood laboratory profile including coagulation factors, and urinalysis; negative results for human immunodeficiency virus, hepatitis B virus, and hepatitis C virus antibodies and tests; and absence of polycystic ovary syndrome, class III or IV endometriosis, submucosal myoma uteri, history of endocrine abnormalities, and drug or alcohol abuse.
Gynecological investigations, including breast examination, transvaginal sonography, and a Papanicolaou test were performed at screening by an experienced gynecologist.
Based on previous reports, a gonadotropin-releasing hormone agonist (Zoladex ® [goserelin acetate implant 3.6 mg, 1-month depot], AstraZeneca GmbH, Wedel, Germany) was administered to women (study day 0; corresponding to days 11-17 of the menstrual/COC cycle) who met the eligibility criteria to downregulate endogenous FSH secretion. 3, 16 Dosing of XM17 was started approximately 2 weeks after the gonadotropinreleasing hormone agonist was administered (Figure 1 ).
Subjects could start treatment with XM17 only when downregulation of plasma FSH to ,4 IU/L was confirmed on day 10. To ensure contraceptive protection during the downregulation process with an initial peak of FSH and luteinizing hormone levels, 16 subjects took their own COCs for between 4 and up to a maximum of 7 days after beginning downregulation with goserelin acetate. No other prescribed concomitant medications were permitted beginning 4 weeks before XM17 administration (2 weeks for over-the-counter medications) until the final study visit. No grapefruit, grapefruit-containing or quinine-containing products, or alcoholic beverages were to be taken within 72 hours prior to XM17 administration. All subjects observed a 10-hour fast before XM17 dosing and for 4 hours post-dosing.
Subjects resided in the clinic from the morning of the day before dosing (day 13) until the morning of day 15. All subsequent visits, including the blood sampling visit 36 hours post-dosing, were ambulatory.
The first subject enrolled (pilot phase) received a single subcutaneous 37.5 IU dose of XM17 on day 14 and was observed for safety concerns; if no safety concerns arose, an additional three subjects were treated on the next or following days. Following completion of the pilot phase, single doses of XM17 were administered subcutaneously in stepwise ascending doses of 75, 150, and 300 IU XM17 to 12 subjects each. Dose-escalation was not to proceed when .50% of subjects treated at a particular dose had moderate or severe adverse events or when one subject had experienced a serious adverse event with a suspected relationship to XM17.
Blood sampling to determine the PK parameters of XM17 was performed pre-dose at -5 minutes and then at 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 24, 36, 48, 72, 96, 120, 144, and 168 hours post-dose. Subjects were monitored pre-dose and at regular intervals post-dose for ECG and vital signs (pulse, blood pre ssure, temperature). Routine laboratory testing was performed on days 14, 15, and 21, and blood sampling for XM17 antibodies was performed on days 14 and 21. A second gynecological examination was performed at the Screening: Informed consent; inclusion/exclusion; demographics; 12-lead ECG; physical exam; body weight; vital signs (blood pressure, pulse, temperature); gynecological and breast exam; transvaginal sonography; own oral contraceptive administration; concomitant treatment questioning; FSH sampling; XM17 antibody testing; laboratory assessments (hematology, clinical chemistry, coagulation parameters, and urinalysis). final study visit, immediately after which subjects were to resume taking COCs. The study duration was 22-28 days for each subject.
XM17 drug product and drug concentration measurements XM17 was manufactured according to Good Manufacturing Practice and relevant European Pharmacopoeia monographs. Vials of XM17 contained 1.0 mL solution for injection (600 IU XM17 per mL formulated with sodium phosphate, benzyl alcohol, and benzalkonium chloride, polysorbate 20, mannitol, and L-methionine, all meeting European Pharmacopoeia standards).
Serum concentrations of XM17 and downregulated endogenous FSH (measured pre-dose on day 14) were determined at MDS Pharma Services (Fehraltorf, Switzerland) using a validated Good Laboratory Practice electrochemiluminescence immunoassay technique.
Data analyses
PK endpoints for XM17 were calculated using noncompartmental methods to derive PK parameters. Calculations for the primary PK parameters were based on actual times, derived after subtracting pre-dose (baseline) endogenous FSH serum concentrations from concentrations obtained after dosing on day 14. If subtraction resulted in a value below zero, then that value was set to zero. Serum XM17 concentrations below the lower limit of quantification (LLOQ) were set to zero (if pre-dose) or to ½× LLOQ otherwise.
Selection of data points for calculation of λ z were based on inspection of log-concentration versus time plots of subjects' individual profiles. For all subjects, $3 of the last data points above the LLOQ were used to calculate λ z . C max and corresponding t max values were read directly from the concentration-time data.
All PK variables were estimated by noncompartmental analyses using WinNonLin software (version 5.01) and summarized using descriptive statistics. Geometric means were derived from the antilogarithm of the arithmetic mean of log-transformed (base e) values, defined only for values .0. Values #0 were omitted.
Linear regression analysis was applied to log-transformed C max and AUC 0-168h (dependent variables) versus the log-transformed dose (independent variable). The statistical model was ln(parameter) = ln(α) + β × ln(dose) + random error; 95% confidence intervals (CIs) for the estimate of slope β were derived. If the 95% CI for slope β covered 1 (ie, β ≈1), then C max and AUC 0-168h were plotted against dose and fitted by linear regression as follows: parameter = a × dose, with the 95% CI given for a.
Safety and tolerability were analyzed using descriptive reports of TEAEs (which included events reported up to study day 21), local tolerability, laboratory test results, ECGs, physical and gynecological examinations, and vital signs.
Results subjects
Seventy subjects were screened, and as planned, 40 young women (mean age 29±5.4 years) met the eligibility criteria, entered the study, and were treated with XM17. Since no subjects discontinued prematurely, all 40 subjects completed the study according to the protocol (PK population). The safety population was identical to the PK population.
Baseline characteristics of subjects in the dose groups (Table 1) were comparable, with the exception of subjects in the 150 IU dose group who had a lower mean body weight (61.2 kg) compared with the other dose groups (means, 66.8-71.0 kg).
Pharmacokinetics of XM17
Both the geometric and arithmetic means of the pre-dose FSH-corrected primary PK parameters, C max and AUC 0-168h , increased with the dose of XM17 ( Table 2) .
The mean serum concentration-time profiles for XM17 following single ascending doses of XM17 in young women (Figure 2 [linear scale] and Figure 3 [log-linear scale]) were dose-proportional at the 75, 150, and 300 IU doses. Serum concentrations for these higher doses declined approximately monoexponentially until 120 hours post-dose and appeared to flatten thereafter. The concentration-time profile for the lowest dose (37.5 IU) began to rise approximately 36 hours post-dose and, for three of the four subjects, did not exhibit a terminal elimination phase. Accordingly, the PK parameters that were based on λ Z (AUC 0-∞ , V Z /F, t 1/2 , and CL/F) were not estimable for the 37.5 IU dose.
Absorption of XM17 was slow, with t max values achieved from 10 to 168 hours post-dose (median of 24 hours in the three higher dose groups). The median t max value in the lowest dose group (155.8 hours) appeared to be an artifact of the secondary rise observed in serum FSH concentration.
The geometric mean t ½ in the three higher dose groups ranged from 54 to 90 hours (medians, 63-77 hours) without an apparent relationship to the XM17 dose. No dose-related differences were observed in the mean and median CL/F and V z /F values ( In a simple linear model (not log-transformed, without intercept), the slope of the pre-dose-corrected regression line describing the proportionality of C max versus dose was 0.0322 (95% CI 0.0297-0.0347), predicting that, for every IU of XM17 administered, the C max increases by 0.0322 IU/L ( Figure 4A) . Similarly, the slope of the pre-dose-corrected regression line describing the proportionality of AUC 0-168h versus dose was 2.596 (95% CI 2.429-2.763), predicting that, for every IU of XM17 administered, the AUC 0-168h increases by ~2.596 IU⋅h/L ( Figure 4B ).
safety
All 40 subjects were included in the safety assessment, having each received both goserelin acetate to suppress endogenous FSH and a single dose of XM17. Adverse events were classified according to whether they occurred prior to or after administration of goserelin acetate, but before XM17 (baseline/run-in adverse events). They were classified as TEAEs if they occurred following administration of XM17 or increased in severity post-XM17 dosing.
Twenty-seven subjects (68%) experienced baseline/run-in adverse events that were not considered TEAEs. Twenty-one (53%) subjects experienced 33 TEAEs, of which 20 were deemed possibly related to XM17 administration. None were considered probably or definitely related to XM17.
Most TEAEs were mild (n=23), some moderate (n=10), and none severe. No serious adverse events were reported during the study, and no subject discontinued the study due to an adverse event or TEAE.
Headache (12 TEAEs in eleven subjects) and dizziness (four TEAEs in four subjects) were the most commonly reported TEAEs overall, and occurred with similar frequency among subjects in the three higher dose groups. Of these, headache and dizziness were considered by the investigators to be possibly related to XM17 in nine and two subjects, respectively. None of the other TEAEs (nasopharyngitis, gastroenteritis, hordeolum, urinary tract infection, lower abdominal pain, dyspepsia, acne, allergic dermatitis, hot flush, ear pain, injection site pain, drug hypersensitivity, pain in extremity, vulvovaginal pruritus) occurred in more than one subject per dose group.
Local tolerability of subcutaneous XM17 injection, assessed 1, 6, and 24 hours post-dosing, was good, with no reports of erythema or swelling at the injection site and two subjects reporting mild pain on touch, one at 1 hour (150 IU) and the other at 6 hours (300 IU) post-dose.
No XM17 antibodies were detected, and there were no clinically relevant laboratory, ECG, vital signs, and physical or gynecologic findings that would suggest any treatmentemergent effects.
Overall, XM17 was well tolerated, and the safety profile was comparable with published information available for Gonal-f ® , an approved rhFSH. a not evaluable in three subjects (two in the 37.5 IU group and one in the 300 IU group) because samples were taken earlier than scheduled at last time point; b in three subjects in the 37.5 IU group, three in the 75 IU group, and one in the 300 IU group, the λ Z or any PK parameters derived from λ Z were not estimable because an exponential decline over at least three data points could not be determined by inspection. Abbreviations: IU, international unit; n, number of subjects within group; n calc , number of subjects used for calculation; l, litre; h, hour; sD, standard deviation; c max , maximum XM17 concentration; aUc 0-168h , area under the XM17 concentration-time curve from time zero to 168 hours post-dose; aUc 0-t , area under the XM17 concentration-time curve from time zero to the time of last observed concentration; aUc 0-∞ , area under the XM17 concentration time-curve from time zero to infinity; λ Z , apparent terminal rate constant; V z /F, apparent volume of distribution; t max , time at which c max occurred; t 1/2 , apparent terminal elimination half-life; cl/F, apparent clearance. human-derived proteins as the standard of care. 1, 4, 5 Although these products are costly to make and add to the cost of ART procedures, evidence suggests that recombinant protein therapeutics may be cost-effective when compared with their human-derived counterparts. 5, 11 By and large, the surest method to improve the costeffectiveness of medications used in ART and improve their accessibility for infertile couples is to simply make medications available at a lower cost. Having more products with clinically similar efficacy, safety, and tolerability will provide patients with options, and market competition will tend to drive down overall costs. Toward this end, introduction of other rhFSH products to treat human infertility should benefit ART patients and their caregivers.
Biosimilar products are similar to already authorized biological therapeutic agents and must undergo a comprehensive set of comparability tests to demonstrate their similarity with regard to physicochemical characteristics, efficacy, and safety. In this first-in-human Phase I study, we sought to demonstrate that XM17 is safe and well tolerated in healthy female subjects and that its PKs are dose-proportional.
Single ascending XM17 doses of 37.5, 75, 150, and 300 IU were successively administered to different subject groups after careful evaluation of safety and tolerability parameters at the lowest dose.
Mean maximum serum levels and AUC of XM17 increased with dose. Published clinical pharmacology data from le Cotonnec et al 18 who administered single 150 IU subcutaneous doses of Gonal-f ® to healthy downregulated female volunteers, reported a C max of 3 IU/L and an AUC 0-∞ of 235 IU⋅h/L. These values were slightly lower than the present findings for XM17, ie, a C max of 4.42 IU/L and an AUC 0-∞ of 448 IU⋅h/L. The t max after subcutaneous injection of Gonal-f ® 150 IU was 16 hours, 18 whereas the t max for XM17 was 22 hours. However, the AUC 0-∞ and other parameters derived from λ Z , including t 1/2 , CL/F, and V z /F, were not easily compared since the selection criteria for fitting the terminal elimination slope may have differed from the published study.
In the present study, a single subcutaneous dose of XM17 300 IU yielded a C max of 9.8±2.4 IU/L and an AUC 0-t of 839.0±194.6 IU⋅h/L, which are very similar to data published for a 300 IU dose of Gonal-f ® (C max 9.0±2.4 IU/L and AUC last 841±279 IU⋅h/L). Further, le Cotonnec et al 3 reported that 150 IU of intravenously administered Gonal-f ® had an apparent volume of distribution (noncompartmental analysis method) of 10 L and a clearance of 0.6 L/hour. Values for V z /F and CL/F after subcutaneous administration were not reported. After 150 IU of subcutaneous XM17, the V z /F was 28 L and the CL/F was 0.36 L/hour. Again, these parameters are not easily compared because of the different routes of administration and methods used to estimate the terminal elimination of rhFSH.
The authors of the present study recently completed a second study in which a direct comparison between XM17 and Gonal-f ® was made using uniform and strict criteria to evaluate both products. All PK parameters (including t 1/2 and AUC 0-∞ that rely on estimates of λ Z ) were nearly equal. 20 International Journal of Women's Health 2015:7 submit your manuscript | www.dovepress.com
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safety, tolerability, and PK of single ascending XM17 doses Importantly, the safety and tolerability profiles of XM17 at subcutaneous doses up to 300 IU in these healthy young women was very good compared with that known for Gonal-f ® , the first approved follitropin alfa product with long-standing clinical experience. 13 The Gonal-f ® summary of product characteristics lists headache, ovarian cysts, and injection site reactions, such as pain, erythema, hematoma, swelling, and/or irritation at the site of injection, as being common (.10% incidence).
In subjects treated with XM17, headache (27.5% of subjects) was the most frequently reported adverse event followed by dizziness in 10% of subjects. Headache and dizziness were deemed possibly attributable to XM17 in nine (22.5%) and two subjects (5%), respectively. Except for mild pain to touch in two subjects (5%), subcutaneous injection of XM17 was well tolerated, with no evidence of antibody development in any subject.
Single subcutaneous doses of XM17 up to 300 IU in healthy young women were associated with very good safety and tolerability and exhibited dose-proportional PKs. XM17, a European Medicines Agency-approved biosimilar to Gonal-f ® , adds to the choices of infertility products and should eventually help lead to lower overall costs borne by individuals undergoing ART procedures.
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